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Abstr a ct
Sin c e1982, tho u s a nds Ofgr o u ndw ate rpo】1utio n c a s e sha v ebe e nfou nd inJapa n. h
order to improv e the gro u ndw ate r qllality, Ja'pan ha s de v eloped Strategie s fo r
pr ote ctio n of grou nd･w ate r. In this pape r, a utho r stry tO explain the pr e s e nt of
gr o u ndw ate r u s e, gr o u ndw ate rpollutio n a ndr e m ediation m ethodsin Japa n. Fr o mthe
re s ults Sho wnin th is paper, it c a nbefo und_thatgr o u ndw ate rponudo npr oble m ha s
be c o m e v e ry s e rio us in Japa n. Ev e n m a ny effo rts ha v ebe e n m ade to impr o v ethe
Situ atio nin pa st 15 ye a r s･ thereis stinalo ng w ayto go to r e a ch the goalsin ce the
cha r a cte ristic s of s ubs u rfa c e w ate r m o v e m e nt and li mitatio n s of r e血ediation
te chn ologie 8･ Fin ally, grot mdw ater pon1血o n situ a丘o nin Tbkyo w a sdis c u s sedin m o r e
detailed.
Key w ords:Gr ou ndw ate rpollutio n, Re m ediatio n, Gr o､md_w ate r m an age m e nt
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.
Intr odu ctio n
Gro u ndw ate risim n e n s ely lmpo rt antfo rhu m a n w ate r stlp plyin boththe u rban and
ru rala r e a sin Japa n･ Gr ou nd-w ate ris n atu rallyofexc elle nt mic r obiologicalquality and
ge n e r a皿y ofadequ ate chemicalqllahty, Ac c o rdingto re sults ofc ens u sin 1994, 1.577×
1011m 8 ofgr o undw aterha v ebe e nt15 ed fo ru rba n(4.0 5×1010 m8),indtLStry(6.04×1010
m
8) and agricultll r e(5.68×1010 mB), which m e anB that ab6tlt 1 7.0 %of w ate r u s ed in
Jap an c o m e 8fr o mgpo-1ndw ate r. E8pe Ci al1y, 3 8･3 %w ate r u s edforin 血stry, a nd25.7%
fo r u rba nhfe a r egr oundw ate r. Fi印 r e15ho w sthe v ariatio n s Ofgr oundw ate rus e sfr o m
1974to 19931 It w a sfo u nd thatgro undw ater t15 ein c r e a s ed for u rban 1ife, decre a s ed
fo rind･u 8try and kept c o n stantlyfo r agricultu r ein this pe riod. Itis cle ar that the
de m a ndofgro u ndw ate r tlS e n o wis the s a n e a sbefore.
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Figu re 1 Va riatio n s ofye a rly gr o undv ater us ed fr o m1974to 1993.
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2. Gr otm dw ate rqt1ality
Gr o u ndw ate r ponutiozl du e to v olatile org an o chlorine hke trichlo r o ethyle ne a nd
tetr acbloro ethyle n eha sbe c o m e agr e at e nviro n m e ntal issue in Japan a s w e一l a sin
m a ny de v eloped n a.tio n s. Co mpa 血 g wi thsu rfa c e w ate r ponutio n, gr ou ndw ater
pollution w a sfo u nd.late r, butinla rge r r egio nals cale, e v en c o ntamin a ntshadbe e nput
into substlrfa c e at the s a m etim e. T he n atio n･ wi de gr o u ndw ater ponutio n S u rv eyfor
o rga n o血1o 血 e s sta rted.in 1982, a nds ofo r2 thro ugh5per c e nt ofgTOu ndw ate r s a mple s
e v e ry ye a rc an not m e et the sta nda rd fo rdrinking w ater oftrichloro ethyle n e a nd
tetr adhlo r o ethylen e. Figur e2 sho w sthe v ariations of gr ollndw ate rpo皿utio n c a s e s
found.in theperiodof1 97 5 to 1 95. h this period, 1,1 51gr oll ndw ate rpollutio n c a s e s
ha v ebe e nfo und
,
a ndo nly2 4.9% ha v ebeen tr e atedto m e etEnviron mental Standa rd
at the e nd of 19 95. Mo st of c o ntamin a nts folm d in g)
･
o u ndw ate r w e r e
tetr a血1o r o ethylene, trichlo r o ethyle n e, a r s e nic, 1,1,1･trichlo r o etha n e a nd cisl,2-
Didhloro etha n e. A bo ut67 %of cas es, the ponution are akept c onst ant o r e xpa nded
伊igtlr e3). It m e a n sthat the grou ndw ater pollutio nis alo ng-te r mpr oble m. Fr o m
vie wpoint of gr o t ndw ate r u s e, 2 5 %ofpomltio n c a s e s w ere fo und in the w ells for
d 血 king, and･75%fo rin血1 Stry. Ho w e v e r, o nlyh alfc a s e s ofgr o u ndw ate rpolllterSha v e
be e nidentified･ Als o m o r etha n50 %ofhe a vy m etalsponutio nin gr o u ndw ate r o c c u r r ed
in n attl r e.
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3. Mo血bo血 g
As w ell kno wn, V O Cc o ntamin a nts pr e sent 1皿dergro11 nd ca n be in fonowing four
pha s e s,i･e ･ ga s,liquid,dis s olvedor s o rbed.
A. As ga spha s e
l. Co nta min ant v apors a s ac ompo n e nt ofs oilga sin the un s atu r ated2:On e
B. Asliquidpha s e
l. Liq血dc o nta minants ad he 血 gto
` `
w ate r- 血y
”
s oilpaLrticle sin the u n s atu r ated
2:O n e
2. Liqtlidc o ntamin antsin the po r e革pa C e Sbetw e e n s onpa rticle 畠in the s atu r ated
ZOn e
3. Liquid c o ntamin a nts in the po r e spa c e sbetw e e n s oilp ara de s in the
u n 5 atu ratedz o n e
4. Liquidc ontamin ants 且o atingo nthe gro Ⅶ ndw ate rtable
5. Liquidc o ntamin antsin r o ck fr a ctu resin eitherthe un s atu r ated o T S atu r ated.
Z O n e
C. As diss olv edpha s e
l. Co nta min a nts dis s olv edingro u ndw ate r
2. Co nta min a nts dis s olv ed. in the w ate r丘1m sur r ounding s oilpa rhcle s in the
u n s atur ated2;O n e
3. Co ntamin a nts that ha v edi瓜1S ed.into min e r algrain s o r r o cksin either the
un5 atu ratedo rs atu ratedz o ne
4. Co nta mha ntsdis s olv ed in the m obilepo r e w ate r ofthe un s atu ratedz o n e
D. Ass o rbedpha s e
l. Co ntamin a nts s o rbed to
"
w ate r- w et
''
s oilparticle s o r r o ck s u rfa c e(afte r
migratingthroughthe w ate r)in eithe rthe un s atu r ated. o r S atu r ated2:O n e
2. Co ntamin a nts S O rbedo nto c olloi血1pa rticle sin w ate rin eithe rthe u由 atur ated
o r s atu r atedz o n e
3. Co ntamin ants s o rbed o nto o rinto s oil血 cr obiotain ei therthe l m S atur at,ed o r
s atu rated zon e
Ac c o rding the abo v e cla 5 Si丘c atio n, the r e are three kinds ofpollutio n c a s e s･ Fir stly,
pollutants m ov ein un s atu r ated.2:O n e and. ha v e n ot r e a ched to the gr o u ndw ate r･
Se c o ndly,po】血ta nts c a nbefound･bothin un 5 atu r ated2;O n e a nds atll r atedz o n e･ T hirdly,
pollltantS C an O nlybefo und_ingr o u ndw ate r･ Cle a rly, the fir st typeis an evn o m e n of
gro u ndw aterpollution, the s ec o ndtypei5 u 5 ualc a s efo u ndin ponution points, andthe
third o n e c anbe fo u nd in the ar e a r ounJd the polh tio n point. As a re sult, the
m o nitoring m ethods u s eda r e stz
1
0 nglydepe ndedupo nthepollutio n c a s e s･
T he suc c e s s ofr e m edialope r a也ontotdlydepe nds o nho w m u血inform ation con c e r ni g
the c o nt mi a nt5 e Xistingfor m a ndlo catio nin s ubs u rfa c e e nvir o n m e nt and the a = eal
e xte nt of pouutio n c a nbe obtain ed. T he refo r e, gr oll ndw ate r m o nitoring is v e ry
impo rta nt. Sin c e1989, g)
･
oundw ate rqu ahtie shave be e n m o nito r ed thr ollghout the
c o untryba s edo nthe r evis ed
`
W ate rPollltio nPr ote ctio nLa w
”
･ T he r e aretw okinds Of
m o nitoring system s,i. e . the r o utin e m o nito ring andextrao rdinary m o nitoring･ Du ring
the m o nitoring, pollutio n s ource, le akage, polluta nt plu m edistributio n sho uld be
che cked., Ba s ed on the m o nito ringr e sults, the a s s e s s m e nts ofgT O u ndw ater polhtion ,
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gr o u ndw ate r r e m ediatio n a 且de nvir o n l n e ntalimpacts c anbe c arriedout1
4
. Sohtion B
T he o曙an OChlorin e shave se veral in 5idiotl Sfe atu r e stobelittle s olublein w ate r andto
be str o ngly r e sista nt tO biodegradatio n in stlbs u rfa c e environ m e nt･ Su ch physic-
chemical pr ope rtie s pr olo ng the gr o u ndw ate rpollutio n o n c ethe u ndiluted liquids
intrtlde into soil and grou ndw ate r zon e s. In additio n, the gr oundw ate rpolluhon
in cide nts in v olv e difficulties to be s olv ed, for e x ample, n ot e a sy to ide ntify the
c o ntamin a nt s o u r c e and e xistingfo r min s ubsu rfac e e nvir o n m e ntbe c au s e Ofv a rio us
u s agein m a nyindustrie s, in sufBcie nt n tlmbe r of w ellsin existe n c eto deline ate the
c o ntamin a ntplu m ebo unda ry inT egio nalgrou nd,w ate r, etc･
Ge n erally,thefono vTingsteps wi L bet,aken fo rgr o u ndw ater r e m ediation .
a . Ide nti丘c atio n ofpo111tion a r e a a nd its s otlrC e S;
b, Ide ntific atio n ofpollutio n sitll atio n(in tln 8 attlr atedz o n e o r s atu rated 210 n e);
c
. Sele ctio n ofs uitable r e m ediatio nte chn ology;
d. Ope r atio n ofr e m ediatio n; and
e. Ass e s s ment ofre n ediatio n r e sultto n e et the e nvir o n m e ntalstanda rd.
Table 1 sho w sthe r e m ediatio nte chn olo由es us ed.in Japa n. It w a sfo u ndthat single
teclmologyc a n n otha v e a s atisfyingr e m edialefacie n cy, sin c e n o o n e c an c o v e ral1st ps
for gr O u ndw a[te r r e m ediatio n. T he m o st u rge ntpr oble m atpr e s e nt tObe s olv ed isho w
longthe r e m edial ope r atio n s shoul d be do n ebe c at15 e each te clmologyha sits O w n
limitatio nfo r r e m ediatio n. h this c o ntext
,
the suitable standardtofinishthe ope r atio n
andthe m ethodto e valu atethe effe cts of the r e m edialope r atio n sar edesir ed.
5. Ca s eSttldy
Table 2 sho ws the highe st c o n c e ntratio ns oft血血1or o ethyle n e, tetr a chlo r o ethyle n e,
1
,
1,I-trichlo r o ethan e, 1,1-dichloro eth an e and cisl,2-dichlo r o etha n efo u nd in the
gr ou nd-w ate r of Tbkyo a r e a. In m a ny pollution c a s e s, it w a sfo u nd that 1, 1･
dichlo ro etha n e a nd cisl
,
2-dichloro eth an e had. do s e r elatio n ships wi th
trichlo r o ethyle n e andtetr a chlo r o ethyle n e. As a r e sult, both have bee n che cked sin c e
19 9 51 Fr o m Table i
, the highest c o n c e ntratio ns of trichlo r o ethyle n e and
tetr a chlo r o ethyle n ehav e de c r e a s ed Sinc e 1992, e spe cial1y in the a r e a wher e
gr otlndw ate r rem ediatio n s w e r e O n ope r ation . On the othe r h and, the highe st
conc entra･tio n s of1,1,1･trichlo r o etha ne, 1,1-dichlo ro etha n e a nd ci81,21dichlo r o ethan e
in c r e a s eaSlo wly.
Figure 4 5ho w Bthe v ariatio n s ofpe r c e ntage ofgr o u ndw ate r s a mple sthat c o ul dn ot
m e et the e nvir o n me ntalsta nda rdin Tbkyo are a･ It w as fou ndthatgr ou ndw aterqu ahty
had be e nimprov edgT e atly fro m 19 86 to 199 0, whe n gTO un dw ater r e m ediation began･
Ho w e v er
, gT O u ndw ater pollutio nby V O C5ha s n ot de c re a s ed,in spite of m a ny efforts
m adeto getc o nt mi ants o utfro m gr o u ndw ater afte r1990. He r e, w efo und that the r e
a r e 5 0m e li mitatio n sfo rthe pr e s e nt re m ediatio n te chn ologie s, As a re s11t, the
gr o u ndw ate rpollutio nis alo ng-te r mproble m.
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Table lln - situ te血 n olog yc o mT) a ris o n s
InSitu Tbchn ology I)e Bign Operatio nal Ap plic ability Sc ale Expe cted Co m m ercial
Ba sis M echa nis m E 瓜cien cy AFailabilitv
Aer obic T heoI･etical n.ea血1e nt Diss olv ed Pilot Inte r m ediate/ Pilot/
Biodeどr adation Dha E;e O nly Fi血 血 ai h ble
Ana e robic Theo r et.ical Tre atm e nt I)iss olv ed Pilot Inte r m ediate/ Pilot/
Biode g r adatio n 1)has e onlv High 血 ailable
Electro･ Os m o si Theo r etical Tre atm ent/
Rec DV e rV
Dis solved
Dha s eonly
Pilot Lew 血 ai1able
Electr o ac ollE;ticSo止 Empiric al( Tre atm e nt/ Diss olv ed Labo r Lo w Em ergmg
Dec onta mination The or etical Rec o v erv Dha s e o nly atory
Slu r ryWal18 Em piric al Co ntain m e nt Diss olv ed and.
s et)arate t)ba se
Ful l Elgh 血 ailable
Grout ing E mpirical Co ntain m e nt Diss o】v eda nd
s et)a r ate T)ha s e
Full Inte r m ediate/
Sigh
血 ai1able
Hydr a ulicGradl ent T he o retM:al Co ntainm e nt, Dissolved Full In七色rn ediate/ 血 ai1able
Contr ol Dhase onlv Ei血
St,abil2;atio n/ Empirical Co ntain m e nt, Dis s olv ed and Full Inte r m ediate/ 血 ai1able
Solidific ation s eDa r ate Dha s e Hi血
Pe rm e able Em pirical/ Tre atm ent, Di朗 01v ed Pilot Inte r m ediate/ Pilot
T>e at皿 e nt, Wads The o r etical I)hase only High
瓜kaliSoil Wa8hing The o r etical Rec o v e ry Dissolv ed.and
sel) ar ate T)ha畠e
Pilot Inte r mediate/
且igh
Pilot/
Ay a血able
Cos olv ent,Soil
W ashing
Theo r etical Rec o v e ry I)iss olv ed and
set)a r ate Dha s e
Labo r
ato rv
Inte r m ediate Em e rgn g
Su rfa cta ntSoil Theoretical Rec o v ery Diss olv ed a nd Pilot IrLte m ediate/ Pilot/
Wa血ing 島el) ar ate Dhas e H i血 血 ai1able
Water Flo oding Empirical/
The or etical
Rec o v e ry DisB Ol∇ed a nd
畠el)a r ateDhas e
Ful l Lx)w/
Int,e r m ediate
AFai1able
AirSparglng Empirical Rec o v ery Diss olv ed
1)ha s e o nly
Fun Inter nedia七e/
H汝h
血 ailable
Vacuu m Vaporiz e r
Wells
T he or etical Re co v e ry I)is8 01v ed
Dha s e o nly
Full Inte r m ediate 血 ai1able
Ste a mEnha n c ed
Extra ctio n
T he o retical Re co v ery Dis solv eda nd
s eDa r atel)ba s e
Piht H igh Pilot/
血 ai1able
Radio Fr equ en cy
He at ing
T he o r etical Re c ov e ry Di日SOIv eda nd
s e D arate Dha 白e
Pilot. Int,e r m ediat.e Pilot
Ⅵ土rific ation E m piric al Tre atm ent/
Re cov ery
Vados eZo n e
o nly
Table2 Thehighe st c o n c e ntr atio n sdete cted fr o n.gr o undw ate rfr o m1 92 to 1996
Ye a r trichlor o ethyle n eTbtr a chlo ro ethylen e 1,1,1･ 1, 1･ Cisl,2･
trichlo r o etha n e Dichlo r o etha n e Dichloro etha皿e
1992 1.6 7.4 0.45 Una vai1ab18 Un avai1able
1 9 3 1
,
2 4.7 0.ll Una v ailable Un a v ailable
1994 0.63 0.83 0.087 Un a v ailat)1e Un a v ailable
1995 0
,81 0.93 1.5 0.058 0.22
1996 0.77 1.6 3 0.38 0.36
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＋ tetraohlo ro ethyI引1 e
＋ 1.1,11tricMQ rO etha n 8
1990 1 9 82 198 4 199 6
Yo A r
Fi酢Ir e4 Ⅵ1血 丘o n s ofpe r c e ntage of gr o u ndw ater S ample sthat c oda n ot m e et the
e nviron m entalsta nda rd in Tbkyo a r ea.
6. CondtLSio n B
Ma n age ment ofo u rgTO u dw ate r sy畠te n S Ofnece ssityShoul d betl nde rpim ed byso und
s cien ce. By n attl r e, m an age m e nt Str ategie s血 oul d alsobe e v olutio n a ry a ndadap也v e.
T he r eha sbe e n a v e ry Str o nginte r e stin gr o u ndw ate rin r elatio nto e nvir o n m e ntal
m a n age m e nt ge neraly, and m ore Bped五cal1y to c o mbat land degr adatio n, fo r
m ainte n an c e Qf healthy e c o syste m 5, a S W ella 8fo rpr ote ctio n a nd m ainte n an c e of
potable w ate r r e s o u r c e s.
Fr o mhy血olo由calpointof vie w, gr o u ndw ater mov e me ntis o n e ofslo w erp artsin w ater
cycle. Atthe s a m etim e, c ontamin ants s t1血 a sV O Cs c a n r e mainin s oilo r aquiferfo r a
lo ng 血 e. Fr o n the r e sults sho wnin this pape r, it c a nbe fo u nd. that gr o undw ater
pontltio n pr oble m is v ery s e血o u sin Japa n. Ev e n m any effo rts ha v ebe e n m ade to
impr o v ethe sittl ationin pa st 1 5ye a r s, the r eiB Btinalo ng w ayto r e a ch the goal.
T he e xistingfo rm a ndc o n c e ntr atio n ofc o nta m血 antin the s ubsll rfa c e e nvir o n m e nt will
cha nge wi th 1ocal w ate r m ov em e nt a nd r e m ediatio n pr o c e s s e s. M o r e o v e r, the
ap plic atio n ofa singleteclm iqueto the c o nta m血atedsitei5 li mitedto r e a chthe final
goal, in whidh the subsu 血 c e c o ntamin atio n is r epaired to m e et the r e由o nal
grou ndw ate r u s age･ Fr o mthe c o st-ben e丘cialpointof vie w,itis ofgr e a七 畠ign追c an c eto
pick the s uitablete clm iqtle S up O r COmbin atio n ofte chmiqu e B, a nd in pa rticula rtoke ep
the 且e由ble ope r atio n in cha nging re m ediatio n te chniqu es, c o r r espo nding to the
e xistingfo 皿 Ofc o nt 姐 1in antin the s ubsurfa c e e n v血o n 皿ent,
Re払r e n c e s
C hilto n
, J. et al. OR)(1997). Gr o u ndw ate rin the Urb an Envir o n m e nt. A.A. B al ke m a
Publishe r
,
682p p,
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